Introduction: Uncaria tomentosa is used in Central and South American folk medicine to treat a variety of diseases. It is particularly well known for treating cancer and studies have confirmed its activity against some carcinoma cell lines. However, to date, U. tomentosa extracts have only been screened against a limited panel of cancer cells. Methods: Solvent extracts were prepared from U. tomentosa inner bark and their antiprolif erative activities against Caco 2 and HeLa cancer cells were determined by an MTS based cell proliferation assay. Toxicity was determined using the Artemia franciscana nauplii bioassay. Results: Methanolic and aqueous U. tomentosa extracts were strong inhibitors of Caco 2 and HeLa cell proli feration, with IC 50 values generally below 1500 µg/mL. The methanolic extract was particularly effective, with IC 50 values of 881 and 763 µg/mL against Caco2 and HeLa cells respectively. In contrast, the mid to lower po larity solvent extractions (ethyl acetate, chloroform and hexane) were less potent inhibitors of cell proliferation. Indeed, exposure of the Caco 2 cells to the chloroform and hexane extracts produced proliferation levels equivalent to those of the untreated control. Cell imaging studies detected morpho logical features consistent with apoptosis in Caco 2 cells exposed to the methanolic and aqueous U. tomentosa extracts, indicating that these extracts are functioning by cytotoxic mechanisms. All U. tomentosa extracts were nontoxic in the Artemia franciscana bioassay, with LC 50 values sub stantially >1000 µg/mL. Conclusions: The antiproliferative activity of the U. tomentosa inner bark extracts against HeLa and Caco 2 cancer cell lines indicates their potential in the treatment and prevention of some cancers.
INTRODUCTION
Uncaria tomentosa Willd. DC. (Family Rubiaceae) is a woody vine ( Figure 1a ) that is restricted to tropical regions in Central and South America and is indigenous to the Amazon rainforest. It is commonly known as cat's claw (or uña de gato in Spanish) due to claw shaped thorns (Figure 1b ) that allow it to climb tree trunks to heights of up to 30 metres. U. tomentosa has been used for hundreds (perhaps thousands) of years by various indigenous cultures and is particularly well known for its use by the Ashaninka Indians of Peru.
1 Although the Ashaninka people prepared infusions of the inner bark ( Figure 1c ) and used it to treat a variety of diseases, it is perhaps best known as an effective therapy for both rheumatoid arthritis and osteoarthritis. However, it is also beneficial in the treatment of asthma, allergies, bursitis, cancer, candidiasis, diabetes, gastric ulcers, gout, Crohn's disease, fibromyalgia, sexually transmitted diseases (STI's) and viral infections. Numerous studies have investigated the anti-inflammatory properties of U. tomentosa extracts. Exposure to U. tomentosa extracts inhibits cellular TNF-α production and reduces free radicals.
3 as well as activating the nuclear transcription factor NF-ΚB. 4 Furthermore, U. tomentosa extracts act as an immunostimulant by inducing the release of a lymphocyte proliferation regulating factor. 5 and prolonging lymphocyte survival.
6
Several anti-inflammatory phytochemical constituents have been identified in U. tomentosa extracts. Several pentacyclic oxindole alkaloids ( Figure 1d ) have been implicated in the anti-inflammatory activity of these extracts.
3,4,7
U. tomentosa is also used in Peruvian folk medicine as an anticancer therapy. 7 and has recently become a popular herbal supplement in Europe and the United States of America for the prevention and treatment of cancer. Whilst much of our understanding of its anticancer properties is anecdotal, multiple studies have also reported antiproliferative activity School of Natural Sciences, Nathan Campus, Griffith University, 170 Kessels Rd, Nathan, Queensland 4111, AUSTRALIA. 2 School of Pharmacy, Nanjing University of Chinese Medicine, Nanjing, CHINA. 3 Environmental Futures Research Institute, Nathan Campus, Griffith University, 170 Kessels Rd, Nathan, Queensland 4111, AUSTRALIA.
of U. tomentosa extracts in vitro. An aqueous U. tomentosa extract has been reported to inhibit the proliferation of HL-60 and K562 human leukemia and Raji EBV-transformed B lymphoma cell lines.
8 Subsequent studies by the same group determined that the extract inhibited cell proliferation without inducing apoptosis. 9 Similarly, another study reported that an aqueous U. tomentosa extract also inhibited proliferation in normal mouse T and B lymphocytes. 6 That study reported that exposure to the extract did not induce apoptosis and instead deduced that cytostatic mechanisms were responsible for the inhibition of proliferation. In contrast, other studies have reported that U. tomentosa extracts induce apoptosis in lymphoblastic and breast cancer cell lines. 10, 11 Similarly, apoptotic activity was reported for several U. tomentosa hydro-alcohol extracts against human HT-29 and SW707 (colon adenocarcinoma), KB (cervical carcinoma), MCF7 (breast carcinoma), A549 (non-small cell lung carcinoma), HL-60 (promyelocytic leukemia) cells, as well as mouse LL/2 (lung carcinoma) and B16 (melanoma) cells.
12
Our study aimed to extend these earlier studies by testing U. tomentosa extracts against a different panel of human carcinoma cell lines. Caco2 colorectal carcinoma cells were selected as a comparison to the HT-29 and SW707 colorectal cells examined in the Pilarski et al. (2010) study.
Caco2 cells are extremely well characterised and have been used in numerous anticancer studies, allowing for direct comparison of efficacies between these studies. HeLa (human cervical carcinoma cell line), which are perhaps the most widely used cells for scientific research and are also extremely well characterised, were included as a comparison to the KB cervical carcinoma cells screened in the Pilarski et al. (2010) study.
MATERIALS AND METHODS

Plant source and extraction
The Uncaria tomentosa Willd. DC. dried and powdered material used in this study were obtained from Noodles Emporium online herbalist, Australia. Voucher specimens are stored in the School of Natural Sciences, Griffith University, Australia. Individual 1 g quantities of the powdered U. tomentosa were weighed into individual tubes and 50 mL of methanol, deionised water, ethyl acetate, chloroform or hexane were added. All solvents were obtained from Ajax Chemicals, Australia and were AR grade. The ground plant materials were individually extracted in each solvent for 24 h at 4 o C with gentle shaking. The extracts were filtered through filter paper (Whatman No. 54) under vacuum and the solvent extracts were dried by rotary evaporation. The aqueous extract was dried by freeze drying. The resultant dry extracts were weighed and redissolved in 10 mL deionised water (containing 1 % DMSO).
Qualitative phytochemical studies
Phytochemical analysis of the extracts for the presence of saponins, phenolic compounds, flavonoids, phytosterols, triterpenoids, cardiac glycosides, anthraquinones, tannins and alkaloids were conducted by previously described assays. [13] [14] [15] Screen for anticancer bioactivity Cancer cell lines 
Evaluation of cancer cell antiproliferative activity
The antiproliferative activity of the extracts was assessed as previously described. 16, 17 Briefly, 1 mL of trypsin (Sigma) was added to the culture flasks and incubated at 37 o C, 5 % CO 2 for 15 min to dislodge the cancer cells. The cell suspensions were then transferred to a 10-mL centrifuge tube and sedimented by centrifugation. The supernatant was discarded, and the cells were resuspended in 9 mL of fresh media. Aliquots of the resuspended cells (70 µL, containing approximately 5000 cells) were added to the wells of a 96 well plate. A volume of 30 µL of the test extracts or cell media (for the negative control) was added to individual wells and the plates were incubated at 37 o C, 5 % CO 2 for 12 h in a humidified atmosphere. A volume of 20 µL of Cell Titre 96 Aqueous One solution (Promega) was subsequently added to each well and the plates were incubated for a further 3 h. Absorbance were recorded at 490 nm using a Molecular Devices, Spectra Max M3 plate reader. All tests were performed in at least triplicate and triplicate controls were included on each plate. The antiproliferative activity of each test was calculated as a percentage of the negative control using the following formula:
A ct is the corrected absorbance for the test extract (calculated by subtracting the absorbance of the test extract in media without cells from the extract cell test combination) and A cc is the corrected untreated control (calculated by subtracting the absorbance of the untreated control in media without cells from the untreated cell media combination).
Cell imaging studies
Cell morphological changes were measured using bright field microscopic imaging without staining. Caco2 cells were seeded into individual wells of a 96 well plate at a density of 5 x 10 3 cells/100 µL and the cells could adhere overnight. U. tomentosa extracts were added to the respective wells at concentrations previously determined to be the highest concentration which induced <50 % change in proliferation compared to the untreated control. Cells were incubated for 24 h at 37 °C in a humidified 5 % CO 2 , 95 % air atmosphere. Each assay was performed in triplicate, and the cell morphology was qualitatively appraised after 24 h treatment by using an inverted phase microscope with camera (Olympus IX70) with an optical zoom of 20X. The images were captured via computer and analysed to scale.
Toxicity screening Reference toxin for toxicity screening
Potassium dichromate (K 2 Cr 2 O 7 ) (AR grade, Chem-Supply, Australia) was prepared as a 1.6 mg/mL solution in distilled water and was serially diluted in artificial seawater for use in the Artemia franciscana nauplii bioassay.
Artemia franciscana nauplii toxicity screening
Toxicity was tested using a modified Artemia franciscana nauplii lethality assay. [18] [19] [20] Briefly, 400 µL of seawater containing approximately 43 (mean 43.2, n = 155, SD 14.5) A. franciscana nauplii were added to wells of a 48 well plate and immediately used for bioassay. A volume of 400 µL of diluted plant extracts or the reference toxin were transferred to the wells and incubated at 25 ± 1 o C under artificial light (1000 Lux). A negative control (400 µL seawater) was run in triplicate for each plate. All treatments were performed in at least triplicate. The wells were checked at regular intervals and the number of dead counted. The nauplii were considered dead if no movement of the appendages was observed within 10 secs. After 24h all nauplii were sacrificed and counted to determine the total % mortality per well. The LC 50 with 95% confidence limits for each treatment was calculated using probit analysis.
Statistical analysis
Data are expressed as the mean ± SEM of at least three independent experiments. One-way ANOVA was used to calculate statistical significance between control and treated groups with a P value < 0.01 considered to be statistically significant.
RESULTS
Liquid extraction yields and qualitative phytochemical screening
Extraction of 1 g of the dried U. tomentosa powder with solvents of varying polarity yielded dried plant extracts ranging from 186 mg (ethyl acetate extract) to 560 mg (aqueous extract) ( Table 1 ). The aqueous extract produced the highest yield of dried extracted material (560 mg). Methanol, chloroform and hexane each extracted similar yields of plant material (~400 mg), whilst ethyl acetate extracted a lower mass (186 mg). The dried extracts were resuspended in 10 mL of deionised water (containing 1% DMSO) resulting in the extract concentrations shown in Table 1 .
Qualitative phytochemical studies (Table 1) showed that methanol and water extracted the widest range of phytochemicals. Both showed moderate to high levels of phenolics (both water soluble and insoluble phenolics), flavonoids and tannins, as well as low to moderate levels of saponins, triterpenoids and alkaloids. The ethyl acetate extract contained only moderate levels of phenolics and flavonoids. The chloroform extract had a similar phytochemical profile, although the phenolics and flavonoids were present in lower relative abundances. Phytosterols, cardiac glycosides and anthraquinones were generally absent in all extracts.
Antiproliferative activity
Aliquots of each extract were tested for the ability to block the proliferation of Caco2 (Figure 2 ) and HeLa ( Figure 3 ) cell lines. Three of the U. tomentosa extracts displayed significant (p<0.01) antiproliferative effects against Caco2 cells (Figure 2 ). The methanolic and aqueous extracts were particularly potent. Indeed, negative Caco2 proliferation was noted for both extracts, suggesting that the antiproliferative activity may be due to apoptosis rather than cytostatic mechanisms. The ethyl acetate extract also inhibited Caco2 cell proliferation, although only by 8.9 % inhibition compared to the negative control cell proliferation. Neither the chloro- 
+++ indicates a large response; ++ indicates a moderate response; + indicates a minor response; -indicates no response in the assay; M = methanolic U. tomentosa extract; W = aqueous U. tomentosa extract; E = ethyl acetate U. tomentosa extract; C = chloroform U. tomentosa extract; H = hexane U. tomentosa extract. form nor the hexane extract significantly affected Caco2 cell proliferation. Control cells. The extracts were similarly effective at inhibiting HeLa cancer cell proliferation, although HeLa cell proliferation was inhibited by a broader range of extracts. Indeed, all U. tomentosa extracts displayed significant (p<0.01) antiproliferative effects against the HeLa cell line. Interestingly, negative proliferation was noted for the methanolic and aqueous U. tomentosa extracts (Figure 3) , indicating that the antiproliferative activity was not only cytostatic in nature, but may be cytotoxic. The ethyl acetate, chloroform and hexane extract also inhibited HeLa cell proliferation, albeit by a lesser amount (by 22, 28 and 19 % compared to the negative control cell proliferation respectively). The antiproliferative efficacy was further quantified by determining the IC 50 values for each extract which inhibited cell proliferation against each cell line ( Table 2 ). The methanolic extract was particularly effective at inhibiting cancer cell proliferation at low to moderate concentrations, with IC 50 values against Caco2 and HeLa lines of 881 and 763 µg/mL respectively. The aqueous extract was also a strong inhibitor of Caco2 and HeLa proliferation, with IC 50 values of 1645 and 1444 µg/mL respectively. Whilst several other extracts had antiproliferative activity, we were unable to determine IC 50 values as the inhibition of proliferation did not exceed 50 % at any concentration tested.
Cell imaging studies
The antiproliferative studies presented in this manuscript demonstrate that the methanolic and aqueous U. tomentosa extracts have profound effects on cellular proliferation. Indeed, Figures 2 and 3 that not only was cell growth blocked, but negative cellular proliferation was recorded. This decrease in relative cell proliferation compared to the untreated control cells indicated that these extracts may not just inhibit growth, but may act via cytotoxic/apoptotic mechanisms. However, whilst this is indicated by these results, further studies are required to test this hypothesis and cell imaging studies were undertaken to confirm this finding. The Caco2 cell line was chosen for cell imaging studies as it is a commonly used cell line in similar studies allowing for comparative studies, has well defined cell morphology, has a reasonable doubling time compared with the other cell lines and was responsive to the U. tomentosa extracts.
The key organelles for comparison between treated and untreated cells in these studies were the nucleus, cytoplasm, vacuoles and cell membrane, all of which were clearly visible at 20X optical magnification of the cell in the untreated control cell image (Figure 4a ). The outline of the cell is clear, distinct and compact without abnormalities in size and density. Stress granules were not visible at this magnification. These are normally indicators of cellular stress, if present. Typical apoptotic phenomena were noted in the morphology of all cells tested against the methanolic (Figure 4b ) and aqueous ( Figure 4c ) extracts when tested at sub-lethal concentrations. These images are consistent with the findings of the cell proliferative assays: both the methanolic and aqueous U. tomentosa extracts inhibited Caco2 proliferation to below the level at the onset of the experiment. This correlates with the morphological phenomena noted. Apoptosis is generally characterised by the presence of an intact membrane, marginalisation of cytoplasm and chromatin condensation. 21 These characteristics were clearly visible in the Caco2 cells treated with methanolic and aqueous U. tomentosa extracts (Figure 4b and Figure 4c respectively). Marginalisation of the cytoplasm of cells undergoing apoptosis also produces an enormously large centrally placed vacuole which is clearly visible in both Figures. The presence of stress granules in the visible fields (Figures 4a and 4b) indicates that the cell is under stress. 'Blebbing' is the appearance of 'spherical bubbles' on the surface of the membrane and is a typical characteristic generally apparent in apoptotic cells. 'Blebbing' is also seen in cells tested against the methanolic and aqueous U. tomentosa extracts (Figures 4a and 4b respectively) . These cells also displayed a loss in membrane integrity with no clear outline of the cell visible, extensive chromatin condensation and the presence of numerous vacuoles. Also, visible for both treatments were the 'ghosts' of cell where cellular contents are no longer present within cell. The trations tested. Extracts with LC 50 values >1000 µg/mL towards Artemia nauplii have been defined as being nontoxic. 22 As LC 50 values >1000 µg/mL were determined for the methanolic and aqueous extracts, they were also deemed to be nontoxic.
DISCUSSION
The antiproliferative efficacy of U. tomentosa inner bark extracts was examined against two human cancer cell lines in vitro; Caco2 (colorectal) and HeLa (cervical). The methanolic and aqueous extract were determined to have the greatest antiproliferative actitity, although all extracts displayed inhibitory activity. The methanolic extract was particularly effective, with IC 50 values of 881 and 763 µg/mL against Caco2 and HeLa cells respectively. This antiproliferative activity is consistent with earlier studies screening against different cancer cell lines. A study by Pilarski et al. reported potent antiproliferative activity for U. tomentosa hydro-alcohol extractions against HT-29 (IC 50 values generally 500-800 µg/mL) and SW707 colon adenocarcinoma cells (IC 50 values generally 50-400 µg/mL). 12 The authors of that study determined that the use of higher alcohol content solvents greatly increased the potency of the extract. This is consistent with the findings of our study in which the methanolic extract was a substantially more potent inhibitor of cell proliferation than the aqueous extract. The antiproliferative efficacies for the higher alcohol content extracts against colorectal cancer cells (HT-29 and SW707) reported in the Pilarski et alet al study was substantially higher than those determined in our study against the Caco2 cells (881 µg/mL, compared to 50 and 500 µg/mL for the SW707 and HT-29 cells respectively).
12 These differences may be due to the different cell lines tested between the two studies. The SW707 cells were particularly susceptible to the U. tomentoa extracts, with IC 50 values approximately 10 % of those determined for the HT-29 cells. It is also possible that the different extraction protocols used in the two studies may also contribute to the different efficacies. In our study, the plant material was extracted over night with room temperature solvent. In comparison, the Pilarski et al study extracted for 8 h in boiling solvent. 12 Similar trends were evident when the U. tomentoa extracts were tested against the different cervical cancer cell lines used in the two studies. An IC 50 value of 763 µg/mL was determined for the methanolic extract against the HeLa cells in our study, compared to approximately 35 µg/mL against the KB cells tested in the Pilarski et al study. 12 Interestingly, KB cells are indistinguishable from HeLa cells by STR PCR DNA profiling. 23 Therefore, the KB cell line is derived from HeLa cells. Thus, it is likely that the different IC 50 values between the two studies is due to the different extraction protocols used in these studies rather than being due to the choice of carcinoma cells studied. Several other studies have also reported antiproliferative activity for U. tomentosa extracts against other cell lines including HL-60 and K562 human leukemia and Raji EBV-transformed B lymphoma cell lines. 8, 9 and normal mouse T and B lymphocytes. 6 Unfortunately, these studies screened the extracts at fixed concentrations and thus did not report an IC 50 , making a comparison of potency between these studies impossible. An examination of the phytochemistry of the U. tomentosa extracts was beyond the scope of our study. However, previous studies have identified several compounds which inhibit cell cycle progression and/or induce apoptosis. Several pentacyclic oxindole alkaloids have been highlighted for their antiproliferative activity. Of these, mitraphylline has been perhaps the best studied. This compound inhibited proliferation in GAMG glioma cells and SKN-BE (2) neuroblastoma cells. 24 human lymphoblastic leukemia T cells.
10 MHH-ES-1 Ewings sarcoma and MT-3 breast cancer cells. 7 HT-29 and SW707 colon carcinoma cells, KB cervical cancer cells, MCF7 breast cancer cell, A549 lung carcinoma cells and morphological changes observed with both treatments are indicative of the induction of apoptosis.
Quantification of toxicity
All extracts were initially screened at 2000 µg/mL in the assay ( Figure 5 ). For comparison, the reference toxin potassium dichromate (1000 µg/mL) was also tested in the bioassay. Figure 5 shows the % mortality induced by each extract and by the control toxin following 24 h exposure. The potassium dichromate reference toxin was rapid in its onset of mortality, inducing mortality within the first 3 h of exposure and 100 % mortality was evident following 4-5 h (unpublished results). Similarly, the methanolic and aqueous U. tomentosa extracts displayed 100 % mortality rates at 24h and were thus deemed to be toxic. All other extracts induced only low levels of mortality which were not significantly different to the mortality determined for the negative control. These extracts were therefore deemed to be nontoxic. To further quantify the effect of toxin concentration on the induction of mortality, the extracts were serially diluted in artificial seawater to test across a range of concentrations in the Artemia nauplii bioassay. 
Figure 5:
The lethality of the U. tomentosa extracts (2000 µg/mL) and the potassium dichromate control (1000 µg/mL) towards Artemia nauplii following 24 h exposure. M = methanolic U. tomentosa extract; W = aqueous U. tomentosa extract; E = ethyl acetate U. tomentosa extract; C = chloroform U. tomentosa extract; H = hexane U. tomentosa extract; NC = negative control; PC = positive control (1000 µg/ml potassium dichromate). All tests were performed in at least triplicate and the results are expressed as mean ± SEM. * indicates results that are significantly different to the negative control (p<0.01).
HL-60 promyelocytic leukemia cells. 12 Furthermore, mitraphylline was a potent inhibitor of proliferation, with an IC 50 as low as 12 µg/mL. 24 Several other similarly potent antiproliferative oxindole alkaloids including pteropodine, isopteropodine, speciophylline, isomitraphylline and uncarine F have also been identified in U. tomentosa extracts. 7, 10, 12 Our understanding of the antiproliferative mechanism(s) of the U. tomentosa extracts and the isolated compounds is currently limited. However, it appears that multiple mechanisms may be involved and that these mechanisms may be dose dependent. Aqueous U. tomentosa extracts inhibit the proliferation of HL-60 and K562 human leukemia, as well as Raji EBV-transformed B lymphoma cell lines via cytostatic mechanisms, without inducing apoptosis.
9 Another study also reported that a similar aqueous U. tomentosa extract also inhibited proliferation in normal mouse T and B lymphocytes by blocking cell cycle progression. 6 That study reported that apoptosis was not induced by the extract. Interestingly, both Sheng et al (2005) . 9 and Akesson et al (2003) . 6 studies reported that the cytostatic activity was due to quinic acid and quinic acid glycosides rather than oxindole alkaloids. In contrast, other studies have reported that U. tomentosa extracts induce apoptosis in lymphoblastic and breast cancer cell lines.
10,11 human HT-29 and SW707 (colon adenocarcinoma), KB (cervical carcinoma), MCF7 (breast carcinoma), A549 (non-small cell lung carcinoma) and HL-60 (promyelocytic leukemia) cells.
12 Those studies reported that oxindole alkaloids were responsible for the induction of apoptosis. Thus, two distinct mechanisms may be responsible for the antiproliferative activity of the U. tomentosa extracts, with quinic acid glycosides having cytostatic effects, whilst the oxindole alkaloids induce apoptosis. The findings reported here also demonstrate that all U. tomentosa extracts were nontoxic towards A. franciscana nauplii. Extracts with LC 50 values >1000 µg/mL towards Artemia nauplii have been defined as being nontoxic. 22 However, further studies using normal human cell lines are required to verify the safety of these extracts for therapeutic use. Furthermore, bioactivity driven separation studies are required to isolate the active components and determine their mechanism of action.
CONCLUSION
The potent antiproliferative activity and lack of toxicity of the methanolic and aqueous U. tomentosa extracts indicates their potential in the treatment and prevention of some cancers. Purification and identification of the bioactive components is needed to examine the mechanisms of action of these agents.
